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As demonstrated in Part盟1of this series of studies， the hydrophoむiccharacter of CF4 
plasma-treated Nylon 6 and poly(ethylene terephthalate) (PET) decay with time of water 
immersion， and the rate of decay can be used as a measure for the surface mobility of 
(substrate) polymers. The same method of using f1uorine“containing moieties introduced by 
CF4 plasma treatment as surface labeling is applied to investigate the influence of a thin 
layer of plasma polymer of methane a担pliedonto the surface of those polymers. An ultrathin 
layer of plasma polymer provides a barrier to the rotational and diffusional migration of the 
introduced chemical moieties from the surface into the bulk of the film. The influence of 
operational parameters of plasma polymerization on the surface dynamic stability are 
examined by measuring the decay rate constants for (subsequently) CF4 plsma“treated 
samples. The rate constant was found to decrease sharply with increasing value of plasma 
energy input manifested by J / kg monomer， and no decay was observed as the energy input 
reached a threshold value (about 6.5 GJ/kg for PET， about 7.0 GJ /kg for Nylon 6)， 
indicating that unperturbable surfaces can be created by means of plasma polymerization. 
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τable明 Conditionsof plasma polymerization of CH4 applied on Nylon 6 films 
W Flow rate PO Pg Thickness W/FM 
Sample (on T.M.) 
(XI010J/kg) (Wattage) (SCCM) (mtorr) (mtorr) (nm) 
Nylon 75 6.30 56.1 65.1 60 0.10 
Nylon 6/M-2 75 2.52 31.0 34.7 60 0.25 
Nylon 6/M-3 75 1.58 24.0 29.6 60 0.40 
Nylon 6/泌 4 75 1.15 18.5 23.5 60 0.55 
Nylon 6/M叩5 75 0.90 15.4 20.2 60 0.70 
Table. 2 Conditions of plasma polymerization of CH4 applied on PET films 
W Flow rate PO Pg Thickness W/FM 
Sample (on T.M.) 
(X 1 010J /kg) (Wattage) (SCCM) (mtorr) (mtorr) (nm) 
85.17 4.36 43.6 46.3 120 0.164 
PET/M-2 85.74 1.47 20.4 18.7 120 0.494 
PET/M-3 84.15 0.48 9.22 7.2 120 1.473 
PET/M-4 85.16 4.43 43.3 45.8 60 0.161 
PET/Mゅ5 85.78 1.42 20.2 19.0 60 0.506 






















ム箔 (2μ 〕でj戸光した MgKaX線 (8KV， 30 
mA)を汚い， scan speed 2eV /s芭c，X取l!感度 20eV/
C田， yiyjl!感度 5Kcps/cmの条例ー で， 760eV~ OeVの範
矧の widescanの測定な行った.また， 015， C15， 
Nlsピークについては， scan speεd 0.1 eV/sec， X'ijl! 












試料フィルムは， 6 x 4 c田大にとり， l'ヨ英板の上に
平になるように置き，反応、老年器に入れて， CF4ガス流
殻50cni/min，放電力150W，圧力1.5Torrの条件で豆、
























こで以 i二のことを更にはっきりとさせるために， CH4 
処理条件の W/FM値に対して接触角の値を，水fこ浸



















Table 3 Effects of CH4 plasma polymerization on contact angle of water on CF. plasma treated 
Nylon 6 films immersed in water 
Contact 
Submerged time Nylon 6 Nylon 6/ Nylon 6/ Nylo口6/ Nylon 6/ Nylon 6/ 
(min) no pretreatment M叩l M叩2 M悶3 M-4 M-5 。 115.0 115.0 114.9 113.0 112.0 111.5 
5 102.0 100.5 102.5 104.5 107.0 115.5 
(lOmin 118.3) 
(l5mni 116.5) 
30 95.0 97.9 98.5 100.1 102.5 114.3 
60 92.0 93.1 94.7 95.5 100.3 111.3 
90 91.5 92.6 95.1 64.4 96.0 109.3 
120 89.6 90.8 93.6 93.0 94.0 111.3 
(No CF4 treatment 63.5 72.8 71.5 71.4 69.6 68.0 
Table 4 Intensities of ESCA F1s peaks of CF4 plasma treated Nylon 6 films immersed in water 
ESCA Fls 
Submerged Nylon 6 Nylon 6/ Nylon 6/ Nylon 6/ Nylon 6/ Nylon 6/ 
time (min) no pretreatment M-1 M-2 M-3 M-4 M.5 。 8.16 8.08 8.01 7.96 7.75 6.53 
5 7.09 6.96 7.24 7.42 7.33 6.90 
(! Omin 6.93) 
(!5min 6.92) 
30 6.47 6.50 6.83 7.10 6.88 6.68 
60 6.20 6.37 6.72 7.01 6.42 6.65 
90 6.59 6.19 6.25 7.01 7.23 6.69 
120 6.05 6.27 6.57 6.95 7.20 6.57 
試料を ESCAによって測定してみると，まず Fls








































SU8MERGED TlME (mln) 
Fig. 2 Change of contact angle of water on CF. 
plasma treated Nylon 6 films as functions of 
water immersion time. 
ベト notreatment. -0- CH. pretreatment 
(M叩4:W /FM 0.55 X 10" J/kg). 
一← CH.pretreatment 
(Mω5: W /FM 0.70 X 10"J/kg) 
o CF. treatment. e CH. pretreatment 
(M-4: W /FM 0.55 X 10" J/kg) & CF. treatment. 由
一一 CH，pretreatment (Mω5:W/FM 0.70XI0" J/ 
kg) & CF， treatment. 
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D 0.2 0.4 0.6 
W/FM(x 10" Joule/Kg) IN CH. PLASMA 
Fig. 3 Contact angles of water on unimmersed 
and water immersed samples of Cれ plasma
treated Nylon 6 films as functions of W / FM 
values of CH， plasma pretreatment. 
o CH， pretreatment & CF， treatment 
e CH， pretreatment & CF， treatment & subme-句















。占 0.4 0.6 0.2 0.8 
W/FM(x10" Joule/Kg) IN CH. PLASMA 
Fig. 4 The ratio of contact angle of water 
immersed surface/ that for unimmersed surface 
(both CF， plasma treated under the identical 
conditions) as a function of W / FM in the 




























LOG t (mln) 
Fig. 5 Log-log plots for contact angle of water 
on CF， plasma treated Nylon 6 films and immer-
2.0 
0.8 
sion time in water. 
o no CH， pretreatment & CF. treatment 
ム CH，pretreatment (M-l :W/FM Q.lOxl0" J/ 
kg) & CF. treatment 
。CH.pretreatment (M同2:W/FM 0.25x 10"J/ 
kg) & CF， treatment 
e CH. pretreatment (M山3:W /FM 0.40 X 10" J/ 
kg) & CF， treatment 
. CH. pretreatment (M-4: W /FM 0品 X10" J/ 
kg) & CF. treatment 
B CH， pretreatment (M叩5:W/FM0.70xl0" J/ 





























0.8 0.2 0.4 0.6 
W/FM(x 10" Joule/Kg) IN CH. PLASMA 
Q 
Q 120 60 
SUBMERGED τIME (mln) 
。
Fig. 8 The ratio of ESCA Fls peak intensity of 
water immersed surface /that for unimmersed 
surface of CF. plasma treated Nylon 6 films as a 
function of W /FM in the pretreatment with CH. 
plasma 
Fig. 6 Change of ESCA Fls peal正intensitieson 
CF. plasma treated Nylon 6 films as functions of 
water immersion time. 
CF. treatment 
CH. pretreatment (M-4: W /FM 0.55 x 10" J/ 
kg) & CF. treatment 
一一 CH.pretreatment (M-5: W /FM 0.70 x 1010 J/ 




















Fig. 9 Changes in ESCA signals of Nylon 6 film 
on CF. plasma treatment and subsequent water 
lmmerslOn. 
A : noCF. treatment 
B : CF. treatment 
C : CF. treatment & submerged 120min 
-78-
280 285 290 おt寸吉-0- 2a5 
BINDING ENERGY (eV) 
問一τ蕊一喝「0.2 0.4 0.6 W/FM(x 10" Joule/Kg) IN CH. PLASMA 
Fig. 7 ESCA Fls peak intensity on unimmersed 
and water immersed samples of CF. plasma 
treated Nylon 6 films as functions of W / FM 
values of CH. plasma freatment. 
CH. pretreatment & CF. treatment 
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Fig. 1 Changes in ESCA signals of Nylon 6 film 
on CH. plasma pretreatment. CF. plasma treat-
ment. water immersion. and the subsequent heat 
treatment (W /FM for the pretreatment = 0.70 x 
10" J/kg) 
A : notreatment 
A' : CH. pretreatment (M-5: W /FM 0.70 X 10" J/ 
kg) 
B : CH. pretreatment (M同5:W/FM0.70XIO" J/ 
A kg) & CF. treatment 
話05a5τぉー おT対 -0- 295290 285 280 C :CH. pretreatment (M-5:W/FM 0.70XIOlO J/ 
BINDING転NERGY (eV) 
Fig. 10 Changes in ESCA signals of Nylon 6 film 
on CH. plasma pretreatment. CF. plasma treat同
kg) & CF. treatment & submerged 120min 
ment. water immersion. and the subsequent heat しかし.Fig. 1 の ESCAシグナルをみると，水に
treatment (W / FM for the pretreatment=0.55 X 浸演しても (0)スベクトルはほとんど変化しない.
10" J/kg) このことは.CH4処壊によって，表面に形成された級
A : notreatment 密なネットワークによって.Fのついたセグメントが
A' : CH. pretreatment (M-4: W /FM 0.55 X 10" J/ が部に回転やもぐ‘り込みをすることが困難になること
kg) を示している.
B : CH. pretreatment (M-4: W /FM 0.55 X 10" J/ 4. 2. PETの場合
kg) & CF. treatment PETに CH4プラズマ処理をしていないものと，
C : CH. pretreatment (M同4:W/FM0.55XIO" J/ 稜々の W/FMの条件で CH4処理したものについて，




Table 5 Effects of CH. plasma polymerization on contact angle of water on CF4 plasma treated PET 
films immersed in water 
Contact angle n 
Submerged time PET Thickn巴s 120nm 
(min) no pretreatment PET /M-I PET/M-2 。 97.0 98.5 94.3 
5 76.0 81.0 89.5 
15 77.0 88.5 
30 72.3 79.5 89.5 
60 72.0 78.0 88.0 
90 71.5 76.5 89.0 
120 71.5 75.8 87.8 
(No CF4 tr色atment69.0 69.5 74.0 
4. 2. 1 . CH4重合模摩さ120nmの場合の接触
角の変化
まず， CH4主主合践の浮さ120nmの場合についてみる


































PET/M-4 PET/M-5 PET/M-6 
97.2 102.7 87.0 
80.5 98.3 103.5 
78.5 97.5 105.0 
76.5 99.0 94.0 
74.5 96.3 86.0 
75.5 98.5 89.0 
73.8 98.0 90.0 
'l2.5 73.8 74.5 ) 
60 120 
SUBMERGED TIME (mln) 
の著しく大きい条件で CH4処還したものは，水に浸 Fig. 12 Change of contact angles of water on 
演するとかえって接触角が大きくなる.このことにつ CF. plasma treated PET films as functions of 
いては後に ESCAの結楽とあわせて考察する water immersion time (thickness of plasma 
また， I事さ120nmについて， Table 5の水に浸演し polymer of methane= 120nm) 
Tこ待問と接触角のそれぞれの値の対数をとってプロッ ー0-no treatment，噛~ CH. pretreatment 
トすると， Fig. 14のように随線関係で示され， CH4の (M-2 : W /FM 0.494 x 10" J/kg)， 
前処軍基なしのものに比べて， CH4処理したもののほう -l>- CH. pretreatment (M時3:W/FM1.473xl0" J/ 
が 10gBの値が大きくなり，また，直線の傾斜が小さ kg) 
くなる.この図は CH4処理により接触角が低下しに o CH， pretreatment， 0 CH. pretreatment 
くくなることを判りやすく示している (M叩2:W /FM 0.494 x 10" J/kg) & CF. treat時
ment 
一四 CH.pretreatment (M-3: W /FM 1.473 X 10" J/ 
kg) & CF. treatment 
…80-
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Fig. 15 Change of contact angles of water on 
CF. plasma treated PET films as functions of 
water immersion time (thickness of plasma 
polymer of methane=60nm) 
一0- no treatment， 一晶一 CH. pretreatment 
(Mω5: W /FM 0.506 X 10" J/kg)， 
→-CI七pretreatment(Mω6: W /FM 1.473 x 10" J/ 
kg) 
o CH. treatment， . CH. pretreatment 
(M-5 : W /FM 0.506 X 10" J/kg) & CF. treat同
ment 
一CH.pretreatment (M開6:W /FM 1.473 X 10" J/ 
kg) & CF. treatment 
Fig. 14 Log-log plots for contact angle of water 
on CF， plasma treated PET films and immersion 
time in water (thickness of plasma polymer of 
methane= 120nm) 
no CH， pretreatment & CF， treatment 
CH. pretreatment (M-l :W/FM 0.164XI0" J/ 
kg) & CF， treatment 
CH， pretreatment (M-2 : W /FM 0.494x 10" J/ 




LOG t (mln) 
Fig. 13 Contact angles of water/on unimmersed 
and water immersed samples of CF， plasma 
treated PET films as functions of W /FM values 
of CH. plasma pretreatment (thickness of plasma 
polymer of methahe= 120nm) 
o CH. pretreatment (thickness: 120nm) & CF. 
treatment 
CH. pretreatment (thickness: 120nm) & CF， 







Intensities of ESCA Fls peaks of CF4 plasma treated PET films immersed in water Table 6 
Thickness 60nm 
PET/M-4 PET/M-5 PET.畑一S
9.17 8.09 5.31 






PET Submerged time 
(min) 。 no pretreatment 9.31 
6.22 6.64 7.42 6.87 6.97 6.88 6.98 5 
5.91 7.04 7.01 6.73 7.16 7.11 15 
6.07 6.06 6.47 6.13 6.00 6.81 5.24 30 































Fig. 17 Log斗ogplots for contact angle of water 
on CF， plasma treated PET films and immersion 
time in water (thickness of plasma polymer of 
methane=60nm) 
no CH， pretreatment & CF， treatment 
CH， pretre皐tment(M-4: W /FM 0.161 X 10" J/ 
kg) & CF， treatment 
CI七pretreatment(M-5 : W /FM 0.506 X 10" J/ 
kg) & CF. treatment 










Fig. 16 Contact angles of water on unimmersed 
and water immersed samples of CF， plasma 
treated PET films as functions of W /FM values 
of CH， plasma pretreatment (thickness of plasma 
polymer of methane口 60nm)
o CH， pretreatment (thickness: 60nm) & CF. 
treatment 
CH. pretreatment (thickness: 60nm) 
treatment & submerged 120min 
0.5 1.0 
W/FM(x1ぴ.Joulel拭g)lN CH. PLASMA 





また， }事さ60nmについて， Table 5の水に浸演した
i時間と接触角の{僚の対数値をプロットすると， Fig 





Flsどー クの強度の{痘は， Table 6のようになる.
-82-
たものについて CF4処理をして， Flsピークの高さを











Cis ， 01sの ESCAプロフィーノレは Fig.20， 21に
みられるように， CH4の前処理をしていないもの

















Fig. 18 Change of ESCA Fls peak intensity on 
CF， plasma treated PET films as functions of 
water immersion time (thickness of plasma 
polymer of methane= 120nm) 
o CF， treatment 
CH， pretreatment (M-2 : W /FM 0.494 x 10" J/ 
kg) & CF， treatment 
一一 CH.予retreatment(M-3 : W /FM 1.473 x 10" J/ 
























Fig. 19 ESCA Fls peak intensities on unimmersed 
and water immersed samples of CF. plasma 
treated PET films as functions of W /FM values 
of CH. plasma pretreatment (thickness of plasma 
polymer of methane=120um) 
o CH. pretreatment (thickness 120nm) & CF. 
treatment 
CH. pretreatment (thickness 120nm) & CF. 
treatment & submerged 120min 
A 
280' 540 535 530' 295 290 285 
BINDING ENERGY (eV) 
0'.5 1.0' 1.5 
W/FM(x1O'' Joule/Kg) IN CH. PLASMA 
Fig. 20 Changes in ESCA signals of PET films 
due to the treatments (without pretreatment) 
A : no CF. treatment 
B CF. treatment 
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Fig. 21 Changes in ESCA signals of PET films Fig. 22 Changes in ESCA signals of PET films 
due to the treatments (pretreatment conditions due to the treatments (pretreatment conditions 
W/FM=0.494X 10" J/kg， thickr悶 s=120nm) W/FM=1.473X 10" J/kg， thickness=120nm) 
A : notreatment A : notreatment 
A' : CH， pretreatment (M-2 : W /FM 0.494 X 10" J/ A' : CH， pretreatment (M-3 : W /FM 1.473 X 10" J/ 
kg) kg) 
B : CH， pretreatment (M-2 W /FM 0.494 X 10" J/ B : CH. pretreatment (M-3 : W /FM 1.473 X 10" J/ 
kg) & CF. treatment kg) & .CF. treatment 
C:C払 pretreatment(M-2 : W /FM 0.494 X 10" J/ C : CH. pretreatment (M-3 : W /FM 1.473 X 10" J/ 
kg) & CF. treatment & submerged 120min kg) & CF. treatment & submerged 90min 
しかし， Fig.22にみられるように W/FMの著しく に， CF4処理をした場合の Flsピークの高さを水に浸
大きい条件で CH4処理をした場合には， CH2が Fig. 演した時潤についてプロットすると， .Fig.23のよう
21に比べて大きい値となり (B)，水に浸淡するとか になる.
えってFに関するピークがi蕗くなる (C). 厚さ60nmのときの Flsについて結果をまとめる
4. 2. 4. CH4震合膜厚さ 60nmの場合の と， Fig.24のようになる.W/FMが大きくなると，
とSCAシグナル Fが結合しにくくなり， Flsの値は低下するが，水に










SUBMERGED TIME (mln) 
Fig. 23 Change of ESCA F1s peak intensity of 
CF. plasma treated PET films as functions of 
water immersion time (thickness of plasma 
polymer of methane=60nm) 
o CF， treatment 
CH. pretreatment (M-5 : W /FM 0.506 X 10" J/ 
kg) & CF. treatment 
司 CH.pretreatment (M-6 : W /FM 1.473 X 10" J/ 












" 28054D 535 530 295 290 285 
BINDING ENERGY (eV) 
x104 
10 
Fig. 25 Changes in ESCA signals of PET films 
due to the treatments (pretreatment conditions 
W /FM 0.506 X 10" J/kg， thickness=60nm) 
A : notreatment 
A' : CH. pretreatment (M-5 : W /FM 0.506 X 10" J/ 
kg) 
B:C民 pretreatment(M-5 : W /FM 0.506 X 10" J/ 
kg) & CF. treatment 
C : CH. pretreatment (M-5 : W /FM 0.506 X 10" J/ 




〉 ? ? ?
?? ↑
? ? ?
1.5 0.5 1.0 
W/FM(x10IOJoule/Kg))N CH今PLASMA
。占
sed and water immersed samples of CF. plasma 
treated PET films畠sfunctions of W /FM values 
of CH. plasma pretreatment (thickness of plasma 
polymer of methane=60nm) 
。CH.pretreatment (thickness 60nm) & CF， 
treatment 
CH. pretreatment (thickness 60nm) & CF， 
treatment & submerged 120min 
ESCA F1s peak intenaities on unimmeトFig. 24 
ほぼ一定となっている.
j事さ60nmについては， C18， 018の ESCAのブ口
















A BINDING ENERGY (eV) 
540 535 530 295 290 285 280 Fig. 27 ESCA FIs signals of CF， plasma treated 
BINDING ENERGV (eV) PET without pretreatment 
Fig. 26 Changes in ESCA signals of PET films A : CF， treatment 
due to treatments (pretreatment conditions : W / B CF， treatment & submerged 5min 
FM= 1.473 X 1010 J/kg， thickness口 60nm) C : CF， treatment & submerged 120min 
A : notreatment 
A' : CH， pretreatment (M-6 : W /FM 1.473 x 1010 J/ 
kg) 
B : CH， pretreatment (M-6 : W /FM 1.473 X 1010 J/ 
kg) & CF， treatment 
C : CH， pretreatment (M-6 : W /FM 1.473 X 1010 J/ 
kg) & CF， treatment & Slぬmerged90min 
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B1ND1NG EN在RGY (eV) B1NDING巨N巨RGY (eV) 
Fig. 28 ESCA FIs signals of Cf¥ plasma treated Fig. 29 ESCA FIs signals of CF. plasma treated 
PET with methane plasma pretreatment (plasma PET with methane plasma pretreatment (plasma 
polymorization of methane W / FM= 1.473 x 10" polymerization of methane W / FM口1.473x 10" 
J/kg， thickness=60nm) J/kg， thickness= 120nm) 
A : CH. pretreatment (M-6 : W /FM 1.473 X 1010 J/ A : CH. pretreatment (M-3 : W /FM 1.473 X 1010 J/ 
kg) & CF. treatment kg) & CF. treatment 
B : CH. pretreatment (減目6: W /FM 1.473 X 10" J/ B : C比 pretreatment(M-3 : W /FM 1.473 X 10" J/ 
kg) & CF. treatment & submerged 5min kg) & CF. treatment & submerged 5min 
C : CH. pretreatment (M-6 : W /FM 1.473 X 1010 J/ C : CH， pretreatment (M-3 : W /FM 1.473 X 1010 J/ 
kg) & CF. treatment & submerged 90min kg) & CF. treatment & submerged 90min 
著しく大きいときに， FIsが2つのピークに分かれ， 化するかをまとめるために，水に波法する前後のそれ
かつ，水に授潰すると，ピーク強度がいったん向く らの値の比をとって， W/FM{[lに対してプロットし
なって低下する現象については， Fig. 22のように， てみると， Fig. 30， 31のように， CH4処理の W/
CIsピークにも異常がみられ，今後の検討が必主きであ FMの値が大きいほど，またj与さが厚いほど，その比
る. が大きくなり， CH4によるネットワークが表i分子の
4. 2咽 6.CH4処理の効果 回転またはもぐりこみせk妨げる効果のあることがうか




















0.5 1.0 1.5 
W/FM(x 10" Joule/Kg) IN CH. PLASMA 
Fig. 30 The ratio of contact angles of water 
(after water immersion/before) as functions of 
W /FM in plasma polymerization of methane 






































W/FM(x 10'・Joule/Kg)IN CH， PLASMA 
Fig. 32 Effect of the pretreatment condition on 
th decay rate constant， k， for Nylon 6 and PET 
films subsequently treated by CF. plasma 




W IFM(x 1 0" Joule/Kg) IN CHゐ PLASMA たものについて， CF4プラズマ処潔を行って，その試
料を一定時間水に浸演することによって，接触角や
Fig. 31 The ratio of ESCA Fls peak intensity 
ESCA iJlU定結果がどの様に変化するかを検討した.
(after water immersion/before) as functions of 般に水に浸演することによって，接触角および表面の
W /FM in plasma polymerization of methane 
Fは低下し，一定時間以上の浸演によって平衡f症に逮








なお，本研究の一部については， Journal of 
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